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Calculation of mark coordinates in 400 m oval athletics tracks:  
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Abstract : Performance analysis in racing disciplines, also known as race analysis, involves 
measuring split or lap times at specific positions or distances. Official times provide some data, but 
more detailed measurements must be taken for precise analysis. Filming with appropriately 
positioned cameras can detect athletes’ passage at specific positions. Therefore, many studies have 
used that method for detailed event timing and race analysis. Nevertheless, the absence of marks 
indicating certain positions poses challenges. Geometric calculations can compensate for missing 
marks, but the calculations entail intensive effort. In this study, we examined methods for 
calculating mark coordinates of 400 m oval athletics tracks. Thereafter, the calculated results for 
two tracks with typical layouts were presented. Furthermore, two application examples for 
identifying additional analysis-point positions were demonstrated. No marks exist for some 
analysis-point positions, but this method allows calculation of appropriate positions and supports 
detailed race analysis.
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installation of any device on race courses, but it neces-

sitates films taken of the athletes competing on the 

race course from a proper angle for analysis. Athletes 

in several disciplines have been analyzed using this 

technique1）, 3）, 6）. When using filming for time measure-

ments, two conditions must be met. First, the filming 

must be conducted with appropriately positioned cam-

eras so that the passage of athletes at given timing po-

sitions can be determined accurately. An ideal camera 

angle is almost perpendicular to the athletes’ direction 

of movement. Second, the positions for time measure-

ments must be recognizable in the films. Marks in-

stalled in accordance with competition regulations 

（e.g., known distance start-lines, hurdle position 

marks, and relay takeover zone lines in athletics6）, or 

colored course slopes in swimming3）） are often used 

for analysis position recognition. Some researchers 

have reported that they used additional marks to 

achieve detailed time measurements6）. In theory, com-

prehensive precise measurement can be achieved by 

increasing the number of timing positions. In practice, 

however, one must consider the effort necessary for 

additional mark installation and its compliance with 

competition regulations. To facilitate further detailed 

analyses, practical methods to overcome this absence 

of marks should be proposed.

　For studies of certain sports such as football, re-

searchers have used coordinate calculations to deter-

mine the athletes’ positions on the playing field while 

referencing the field lines2）. This approach inspires us 

to use a similar calculation to compensate for the ab-

sence of marks on analysis positions. For this calcula-

tion, reference marks with known positions are neces-

sary to develop the coordinate system. For race courses 

that are aligned in a predetermined and simple layout, 

with a straight stretch such as that of a 50 m swimming 

pool, the coordinate system can be developed with rel-

ative ease3）. However, in cases where race courses are 

aligned in a complex or not strictly regulated layout, 

developing the coordinate system becomes more chal-

Ⅰ．Introduction
　Performance analysis in racing disciplines, i.e., race 

analysis, often involves event timing, which entails 

measurement of split or lap times at specific positions 

or distances. This approach is applicable to a range of 

sports such as athletics1）, 7）, 9）, swimming3）, cycling4）, 

rowing5）, and speed skating8）. Such analyses are in-

strumental in identifying key factors for winning races 

and optimizing athletes’ performance. In races of some 

sports, times at specific distances are measured offi-

cially, e.g., 100 m split times in athletics9）, 250 m split 

times in cycling4）, and 400 m lap times in speed skat-

ing8）. Although these official times are useful for anal-

yses, more detailed time measurements are expected to 

be necessary to achieve more precise analysis. There-

fore, analysts often attempt to undertake additional 

timing1）, 3）.

　Time measurement techniques encompass tim-

ing cells6）, lasers7）, filming1）, 3）, 6）, and others. Timing 

cells are devices designed to detect the time of a gate 

passage. By placing them at predetermined positions, 

an observer can obtain the split time at these positions 

and the lap times between gates. The spatial resolution 

of timing depends on the number of gates installed. 

However, expanding their number presents practical 

limitations in terms of cost. Additionally, it is often 

difficult to install them on a race course for competi-

tions. Laser apparatus （e.g., LAVEG Sport; Jenoptik, 

Germany7）） can measure the one-dimensional position 

of athletes continuously at frequencies of 50─100 Hz. 

From the measured data, one can ascertain the time of 

an athlete’s passage at given positions or calculate the 

instantaneous velocity of the athletes. As with photo-

cells, the important limitation of the laser apparatus is 

related primarily to its feasibility of installation on 

race courses.

　Filming is a practical method for timing analysis 

that is useful for competitions. From films taken of 

athletes, one can detect the time of their passage at 

given positions. This time measurement requires no 
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around the bends and optionally on the straights, 

with 0.05─0.065 m height and 0.05─0.25 m width. 

A kerb with the respective height and a width of 

0.05 and 0.05 m is the most common in practice.

d． All lanes have width of 1.22 m, including a 0.05-m 

wide white line on the outer side. It is noteworthy 

that tracks constructed before 1 January 2004 

might have a lane with of maximum 1.25 m.

e． The theoretical running line, also called the mea-

surement line, is set at a distance of 0.30 m out-

ward from the kerb in lane 1. Those in outer lanes 

are set at 0.20 m from the outer edge of the adja-

cent inside lane.

f ． All race distances are measured along the mea-

surement line of each lane in a clockwise direc-

tion, i.e., back from the finish line, from the edge 

of the finish line nearer to the start to the edge of 

the start line farther from the finish.

g． All start and finish lines, except for group-starting 

start lines, are marked in individual lanes perpen-

dicular to the lane lines, with 0.05 m width.

h． Start lines for group starting in 1500 m, 5000 m, 

and 10000 m races are marked to ensure that the 

distance along the shortest permitted route satis-

fies the race distance irrespective of the starting 

position on the start line. The shortest route is at-

tained along the tangent line of the curve ahead.

i ． For 800 m and 4×400 m relay races, the route is 

separated to each lane initially. Later, it becomes 

opened in the middle of the race. The transition 

point from the separated lanes to the opened lane 

is shown with a break line, which is marked im-

mediately after the end of the first curve, ensuring 

that the distance along the shortest permitted route 

going over the second curve, i.e., the tangent line 

length of the second curve from the break line 

plus the subsequent arc length of the curve, is 

constant. Thereafter, the start lines are marked 

with the “reduction” distance considered, i.e., 

from the exit of the first curve to the break line on 

lenging.

　An example of such a challenge is a 400 m oval ath-

letics track. The track layout is not solely standardized 

in terms of bend radii and straight length, leading to 

variations in coordinates of the marks, such as eche-

lon-starting and group-starting start lines and hurdle 

position marks in curves, by venue. It is certainly pos-

sible to calculate the coordinates geometrically by ref-

erencing the facility regulation guidelines issued by 

the athletics association, but this process can be com-

plicated and time-consuming. Therefore, in this study, 

we aimed at providing a comprehensive description of 

the calculation methods of mark coordinates on 400 m 

oval athletics tracks, along with a demonstration of 

typical calculation results as a reference for future re-

search. Furthermore, we demonstrated identification of 

the analysis-point positions with the calculated mark 

coordinates and subsequently examined its accuracy.

Ⅱ．Methods
1．Review of the regulations

　To determine the calculation methods of mark coor-

dinates, it is imperative to gain an understanding of the 

regulations which govern the layout of athletics tracks. 

The regulation is established by World Athletics （WA） 

and is described in WA’s facilities manual10）. The key 

contents can be summarized as presented below.

a． The lap length is 400 m, along the running line in 

lane 1. The ratio of straight and curve sections de-

pends on the specifications of the constructed 

track.

b． Suitable bend radii range of 35 and 38 m, with an 

optimum radius of 36.50 m. A single bend radius 

less than 33.50 m and the running line radius on 

the outer lanes over 50 m will not be certified. 

Double bend tracks, i.e., curves formed with two 

radii, are not recommended and would not be ap-

proved for major competitions.

c． The inside edge of the track should have a kerb 
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dles in 110 m hurdle race is 9.14 m, with a 13.72 

m approach run and a 14.02 m run-out to the fin-

ish. Those in 100 m hurdles are 8.50 m, 13.00 m, 

and 10.50 m, respectively, for intervals, approach 

run, and run-out. Furthermore, those in 400 m 

hurdle are, respectively, 35 m, 45 m, and 40 m.

l ． In a 3000 m steeplechase race, the positions of 

start line, hurdles, and the water jump depend on 

the water jump pit layout. The water jump pit 

shall be installed inside or outside the track in the 

second curve.

　A WA recommendation is that all further tracks be 

constructed according to the specifications designated 

as “400 m Standard Track”, which are presented in Ta-

ble 1. However, a number of tracks have been con-

structed to different specifications for venue-specific 

reasons.

2．Calculation of track mark coordinates

　Positions of the marks in each lane are calculable 

with the track layout regulations and specifications us-

ing the following steps. In this study, the positions of 

the marks are defined as the intersection of the edge of 

the mark farther from the finish line and either the out-

er edge of the inside lane line or the inner edge of the 

outside lane line of each lane （Figure 1）. It is note-

worthy that the coordinates described below are ex-

pressed in the provisional coordinate system with the 

origin set at the intersection of the finish line and the 

the hypotenuse tangent line of the second curve. 

Reportedly, the reduction distance is not measured 

strictly along the theoretical running line but 

along the hypotenuse line. Therefore, it does not 

necessarily equal the required reduction along the 

measurement line.

j ． In 5000 m and 10000 m races, group starting can 

be conducted in two separate groups: one from in-

side lanes and one from the outside over 5 lanes. 

The outer group runs along lane 5 only in the ini-

tial curve section and joins the inner group after 

passing the breakpoint, which is placed on the in-

tersection of the break line and the inside lane line 

of lane 5 for the 10000 m race, or placed in the 

entrance of the home straight section on the same 

lane line for the 5000 m race. The inside line for 

the outer group shall be marked with cones or 

flags, or with temporary kerbing, placed on the 

line from the start to the breakpoint. If this inside 

line is marked with cones or flags, then the run-

ning line is considered to be 0.20 m outward from 

the line. The inside root of the start line of 10000 

m will coincide with the 800 m start line. If, by 

contrast, the inside line is marked with the tempo-

rary kerb, then the running line is considered to be 

0.30 m outward from the line. Therefore, the root 

of the start line of 10000 m will be located slight-

ly forward of the 800 m start line. The 5000 m 

start line will be located forward of the 200 m 

start line whether the temporary kerb is used or 

not, although it will be further ahead if the kerb is 

used.

k． Hurdle positions in 110 m hurdle, 100 m hurdle, 

and 400 m hurdle races are marked on the track 

by the lines with the respective length and width 

of 0.10 and 0.05 m, both inside and outside of 

each lane. These marks are located so that the dis-

tance measured from the start to the edge of the 

line nearer to the start satisfies the regulated hur-

dle intervals. The interval distance between hur-

Table 1. Specifications of the “400 m Standard Track”.10）

unit: m
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lation review, for example, with the notation “R-a”. 

The basic parameters and track section names used in 

the calculations are presented in Figure 2.

a． Before the calculation, the length of parallel 

straights （SLC, Figure 2） must be ascertained with 

reference to the track specification document, or 

by direct measurement of the length. One useful 

means for measuring SLC is to use the breakpoint 

at the entrance to the home straight （R-j）. In actu-

ality, SLC coincides with the distance between the 

breakpoint and the finish line. By measuring the 

distance from the breakpoint to the nearest hurdle 

mark, e.g., the second hurdle mark for 100 m hur-

dle, which is located at 78.5 m distance from the 

finish line （R-k）, SLC can be determined with 

ease.

b． The construction radius of a bend （RC, from the 

center of the first curve to the inside edge of the 

track with the raised kerb, Figure 2） can be de-

kerb edge, the x-axis along the finish line toward the 

outside direction, and the y-axis along the measure-

ment line in the home straight section toward its run-

ning direction. All calculation values below are given 

in meters and radians. In the following descriptions, 

the regulations used for mark coordinates calculation 

are indicated by the alphabet listed in the above regu-

Figure 1. Definitions of coordinates of marks.
The “inside” denotes the intersection of the mark edge 
farther from finish line and the outer edge of the inside 
lane line, whereas the “outside” denotes the intersec-
tion of the mark edge and the inner edge of the outside 
lane line.

Figure 2. Schematic diagram of the athletic track and list of the 
terms used for describing track specifications.
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terest, the radius is expected to be the following.

　　  （5）　　

　  Regarding the inner edge of the outside lane line, 

the radius is expected to be the following.

　　  （6）　　

　  In those equations, 1.220 is the lane width. Also, 

1.170 is the value subtracting the lane line width 

of 0.050 from the lane width （R-d）. Thereafter, 

the coordinates of the marks in the first curve sec-

tion are calculable as shown below.

　　  （7）　　

　　  （8）　　

　　  （9）　　

　  Therein, φi
（1） signifies the angle formed by the ex-

tension lines of the mark and the entrance of the 

curve section, which intersects at the center of the 

curve （Figure 3）. Pi_x and Pi_y respectively repre-

sent the x-coordinates and y-coordinates of the in-

tersection of the mark and the edge of the lane 

line. Any value of Ri（inside） or Ri（outside） can be used 

for Ri. In a similar manner, the coordinates for the 

marks located in the second curve section can be 

found.

　　  （10）　　

　　  （11）　　

f ． The coordinates of the marks located in the home 

straight section can be ascertained using the same 

parameters as those above.

　　  （12）　　

　　  （13）　　

　  Similarly, those in the back straight section can be 

determined as presented below.

　　  （14）　　

　　  （15）　　

g． For calculating the coordinates of the start lines of 

the 800 m and 4×400 m relay, Di must be deter-

mined with the reduction distance （RDi） consid-

ered （R-i）. The value of RDi is calculable as 

shown hereinafter （Figure 4）.

rived from the length of parallel straights （SLC） 

as

　　  （1）　　

　  where 400.000 is the distance of a lap of the mea-

surement line in lane 1 （R-a）, 0.300 is the dis-

tance between the kerb and the measurement line 

in lane 1 （R-e）, and π represents pi, i.e., 3.1415….

c． The length along the measurement line on each 

curve section of each lane is calculable as shown 

below.

　　  （2）　　

　　  （3）　　

　　  （4）　　

　  In those equations, Ri_m and CLi respectively rep-

resent the radius of the curved measurement line 

and the semicircle arc length along the curved 

measurement line. Subscript i represents the lane 

number. The value of 0.300 is the distance be-

tween a kerb and the measurement line in lane 1, 

whereas 0.200 is the distance between the outer 

edge of the inside lane line and the measurement 

line in lanes 2 and outer （R-e）. The value of 1.220 

is the lane width （R-d）.

d． The section in which the mark is located, i.e., first 

curve, back straight, second curve, and home 

straight （Figure 2）, can be found by referring the 

distance back from the finish line to the mark. 

Within this section, the distance back from the 

end of section to the mark （Di） must be calculat-

ed. It is used for the following calculations. It is 

noteworthy that the start lines of 100 m and 110 m 

hurdles, and hurdle marks of 100 m and 110 m 

hurdle races are all treated as located in the home 

straight section, even though Di exceeds SLC.

e． For calculation of the coordinates of the marks lo-

cated in the curve sections, the radius of the kerb 

or lane line edges （Ri, Figure 2） must be deter-

mined first. When the intersection of the mark and 

the outer edge of the adjacent inside lane line, and 

the edge of the kerb in the case of lane 1, is of in-
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line and each lane line edge are obtainable by cal-

culating Li
（3） as defined in Figure 5. With a given 

Li
（3）, the length of the tangent hypotenuse running 

line from the intersection of the break line and the 

lane line edge （Hi
（3）） can be described in two 

ways. The first is the following （Figure 5）.

　　  （23）　　

　　  （24）　　

　　  （25）　　

　　  （26）　　

　　  （27）　　

　　  （16）　　

　　  （17）　　

　　  （18）　　

　　  （19）　　

　　  （20）　　

　　  （21）　　

　　  （22）　　

　  In those equations, Ki
（2）, αi

（2）, βi
（2）, γi

（2）, ArcLi
（2）, and 

Hi
（2） represent the lengths and angles defined in 

Figure 4.

h． The coordinates of the intersection of the break 

Figure 3. Calculation of the coordinates of the intersection of the mark and each lane line edge in curve sections.
A is the center of the curve. B is the intersection of the mark and the lane line edge in lane i, which can be either on 
the outer edge of the inside lane line or on the inner edge of the outside lane line. CLi denotes the length on the 
semicircle measurement line in lane i. Di expresses the length on the curved measurement line from the mark to the 
end of the curve section in lane i. φi

（1） signifies the angle formed by line AB and the entrance line of the curve sec-
tion. i stands for lane number （i≥1）. This figure shows the case of i＝9, the intersection of the 400 m start line and 
the inner edge of the outside lane line.
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Figure 4. Calculation of reduction distance （RDi）.
RDi is defined as the distance from Hi

（2）minus SLC and ArcLi
（2）. A is the center of the second curve semicircle. B is 

the end of the measurement line of lane i in the first curve. C is the tangent point of the running line from B. D is 
the end of the measurement line of lane i in the back straight. SLC denotes the length of the straight section （equals 
BD）. Ki

（2） represents the length of the diagonal line from A to B. ArcLi
（2） expresses the arc length on the curved 

measurement line in lane 1 overtaken by the tangent hypotenuse running line. Hi
（2） stands for the length of the tan-

gent hypotenuse running line for lane i （equals BC）. R1_m and Ri_m, respectively equal to AC and AD,  represent the 
radii of the curved measurement line for lane i. αi

（2） expresses the angle formed by lines AB and AC. βi
（2） denotes the 

angle formed by lines AB and AD. γi
（2） represents the angle formed by lines AC and AD. i stands for lane number （i

≥1）. This figure shows the case of i＝9.

Figure 5. Calculation of the coordinates of the intersection of the break line and each lane line edge.
The distance from the intersection to the end of the back straight section （Li

（3）） must be determined for this calcula-
tion. A is the center of the second curve semicircle. B is the intersection of the break line and the lane line edge in 
lane i, which can be either on the outer edge of the inside lane line or on the inner edge of the outside lane line. C is 
the tangent point of the running line from B. D is the end of the lane line edge of lane i in the back straight. Li

（3） de-
notes the length from B to D. Ki

（3） represents the length of the diagonal line from A to B. ArcLi
（3） expresses the arc 

length on the curved measurement line in lane 1 overtaken by the tangent hypotenuse running line. Hi
（3） stands for the 

length of the tangent hypotenuse running line from B （equals BC）, which is expected to coincide with ArcLi
（3） plus 

the length of the straight section （SLC）. R1_m represents the radius of the curved measurement line for lane 1 （equals 
AC）. Ri stands for the radius of the curved lane line edge for lane i （equals AC）. αi

（3） expresses the angle formed by 
lines AB and AC. βi

（3） denotes the angle formed by lines AB and AD. γi
（3） represents the angle formed by lines AC and 

AD. i stands for the lane number （i≥1）. This figure shows the case of i＝9, the inner edge of the outside lane line.
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tained, the coordinates can be found as presented 

below.

　　  （30）　　

　　  （31）　　

i ． The coordinates of the intersection of the arced 

start line for open-lane group starting in a 10000 

m race and each lane line edge are calculable as 

shown below （R-h, Figure 6）.

　　  （32）　　

　　  （33）　　

　　  （28）　　

　 The second description is the following.

　　  （29）　　

　  In those equations, Ki
（3）, αi

（3）, βi
（3）, γi

（3）, ArcLi
（3）, and 

Hi
（3） represent the lengths and angles defined in 

Figure 5. Equations （28） and （29） are expected 

to be equal. Solving them collectively yields de-

termination of Li
（3）. Because its closed form solu-

tion is difficult to obtain, an exploratory approach 

would be practical for solving it. Once Li
（3） is ob-

Figure 6. Calculation of the coordinates of the intersection of the start lines of 10000 m and each lane line edge.
The start line of 5000 m is point symmetrical to this start line so that the common parameter values in the coordi-
nate calculations can be applied for it. A is the center of the first curve semicircle. B is the intersection of the start 
line and the lane line edge in lane i, which can be either on the outer edge of the inside lane line or on the inner edge 
of the outside lane line. C is the tangent point of the running line from B. ArcLi

（4） denotes the arc length on the 
curved measurement line in lane 1 overtaken by the tangent hypotenuse running line. Hi

（4） represents the length of 
the tangent running line from B （equals BC）, which is expected to coincide with ArcLi

（4）. R1_m stands for the radius 
of the curved measurement line for lane 1 （equals AC）. Ri signifies the radius of the curved lane line edge for lane i 
（equals AC）. γi

（4） denotes the angle formed by line AC and the end line of the straight section. θi
（4） expresses the an-

gle formed by lines AB and AC. i stands for lane number （i≥1）. This figure shows the case of i＝9, the inner edge 
of the outside lane line.
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　　  （37）　　

　　  （38）　　

j ． When more than 12 athletes participate in a 10000 

m race, the separate arced start line on outer lanes 

（from lane 5 to lane 8 or 9） might be used （R-j）. 

The athletes using the outer start line run in lane 5. 

They are permitted to join the athletes using the 

regular start line at the breakpoint. If the inside 

line of the outer group is marked with cones or 

　　  （34）　　

　　  （35）　　

　　  （36）　　

　  In those equations, ArcLi
（4）, Hi

（4）, γi
（4）, and θi

（4） rep-

resent the lengths and angles defined in Figure 6. 

Those on the arced start line for a 5000 m race can 

be calculated similarly using the parameter values 

presented above.

Figure 7. Calculation of the coordinates of the intersection of the separate arced start line of 10000 m on outer lanes 
and each lane line edge.
The outer start line of 5000 m is point symmetrical to this start line so that the common parameter values in the co-
ordinate calculations can be applied for it. A is the center of the first curve semicircle. B is the intersection of the 
start line and the lane line edge in lane i, which can be either on the outer edge of the inside lane line or on the inner 
edge of the outside lane line. C is the tangent point of the running line from B. D is the root of the separate arced 
start line, which coincides with the intersection of the 800 m start line and the outer edge of the inside lane line in 
lane 5. ArcLi

（5） denotes the arc length on the curved measurement line in lane 1 overtaken by the tangent hypotenuse 
running line. Hi

（5） represents the length of the tangent running line from B （equals BC）, which is expected to coin-
cide with ArcLi

（5）. R5_m stands for the radius of the curved measurement line for lane 5（equals AC）. Ri signifies the 
radius of the curved lane line edge for lane i （equals AC）. γi

（5） denotes the angle formed by lines AC and AD. θi
（5） 

expresses the angle formed by lines AB and AC. Here, φ（1）
5_800m－ start denotes the angle formed by line AD and the en-

trance line of the curve section. i stands for the lane number （i≥5）. This figure shows the case of i＝9, the inner 
edge of the outside lane line.
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　  For these equations, the arguments of trigonomet-

ric functions should be replaced by the corrected 

values if the inside line is marked with a tempo-

rary kerb. The inside root of this outer start line is 

located forward of the 200 m start line by the re-

duction distance in lane 5 （RD5 or RD′5）. The 

breakpoint is located at the end of the second 

curve on the inside line of lane 5, which is slightly 

different from that on the break line located ahead 

of the end of the first curve （R-j, Figure 8）. The 

coordinates of this breakpoint on the outer edge of 

the inside lane line in lane 5 can be expressed 

with the radius of this edge （R5_in）.

　　  （46）　　

　　  （47）　　

flags, the inside root of outer arced start line coin-

cides with the 800 m start line. The coordinates of 

the intersection of this start line and each lane line 

edge are calculable as follows （Figure 7）.

　　  （39）　　

　　  （40）　　

　　  （41）　　

　　  （42）　　

　　  （43）　　

　  In those equations, ArcLi
（5）, Hi

（5）, γi
（5）, and θi

（5） rep-

resent the lengths and angles defined in Figure 7. 

The value of φ（1）
5_800m－start represents the angle be-

tween the finish line and the 800 m start line in 

lane 5 which can be obtained with the equation 

（7）. If the inside line of the outer group is marked 

with a temporary kerb, then R5_m and φ（1）
5_800m－start 

above are expected to be replaced respectively by 

the corrected values （R′5_m and φ（5）
5_outer－start_kerb）. 

Also, R′5_m is calculable using equation （3）, by 

substituting 5 for i and by replacing 0.200 with 

0.300. The values of 0.200 and 0.300 are the dis-

tances between the inside line and the measure-

ment line, and 0.300 must be used with a tempo-

rary kerb （R-e, R-j）. By applying R ′5_m into 

equations （16）─（22）, the corrected value of RD5 

can be obtained as RD′5. This value enables the 

calculation of the corresponding distance back 

from the end of section to the root of the start line 

in lane 5 （D′5_outer－start_kerb）, and subsequently en-

ables the calculation of φ（5）
5_outer－start_kerb. Thereafter, 

the coordinates of the 10000 m outer start line can 

be calculated usint equations （39）─（43）. For 

5000 m races, a separated arced start line might 

also be used. Its coordinates are calculable using 

the same parameter values as those presented 

above.

　　  （44）　　

　　  （45）　　

Figure 8. Difference in the position of breakpoints be-
tween that on the break line immediately after the en-
trance of the back straight section （top） and that at the 
entrance of the home straight section （bottom）.
The breakpoint on the break line is somewhat distant 
from the entrance of the back straight section, whereas 
that on the home straight section is located just at the 
entrance of the section.
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edge of each lane line are calculable as explained 

hereinafter （Figure 10）.

　　  （50）　　

　　  （51）　　

　　  （52）　　

　　  （53）　　

　　  （54）　　

　　  （55）　　

　  In those equations, ArcLi
（6）, Hi

（6）, θi
（6）, and γi

（6） rep-

resent the lengths and angles defined in Figure 10. 

The value of D1_1500m－start represents the arc length 

on the curved measurement line in lane 1, which 

is expected to coincide to HS in equation （48）.

m． The coordinates of the intersection of the outer 

portion of the start line for 1500 m and the edge 

of each lane line are obtainable by calculating θi
（7） 

as defined in Figure 11. With a given θi
（7）, the 

length of the tangent hypotenuse running line 

from the intersection of the break line and the lane 

line edge （Hi
（7）） can be determined in two ways. 

The first is the following （Figure 11）.

　　  （56）　　

k． The start line of 1500 m is a combination of two 

arcs based on different tangent lines: The inner 

part is defined by the tangent line of the first 

curve, whereas the outer part is defined by that of 

the second curve. The calculation of their coordi-

nates differs between the inner and outer parts. 

Therefore, it is necessary to ascertain first whether 

a lane line edge of interest intersects with the in-

ner or outer part of the start line. This can be ac-

complished by referring to the distance between 

the switch point and the center of first curve （RS, 

Figure 9）, which is calculable as presented below.

　　  （48）　　

　　  （49）　　

　  In those equations, 100.000 is the distance from 

the end of the back straight section to the start line 

of the 1500 m. Also, HS denotes the length be-

tween that start line and the entrance of the back 

straight section. Lane line edges with a radius 

smaller than RS intersect with the inner part of the 

start line, whereas those with a larger radius inter-

sect with the outer part.

l ． The coordinates of the intersection between the 

inner portion of the start line for 1500 m and the 

Figure 9. Location of the switch point of the inner and outer parts of the arced start line of 1500 m.
A is the center of the first curve semicircle. B is the switch point. C is the end of the curved measurement line of 
lane 1 in the first curve. Hs denotes the length from B to C. R1_m stands for the radius of the curved measurement line 
for lane 1 （equals AC）. RS represents the distance between A and B. The distance between B and the end of the 
back straight is 100 m.
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Figure 11. Calculation of the coordinates of the intersection between the outer portion of the start line for 1500 m 
and the edge of each lane line.
A is the center of the first curve semicircle. B is the center of the second curve semicircle. C is the intersection be-
tween the start line and the edge of lane line in lane i, which can be either on the outer edge of the inside lane line or 
on the inner edge of the outside lane line. D is the tangent point of the running line from C. E is the intersection of 
the extension of AB and a perpendicular line drawn from C to this extension line. ArcLi

（7） expresses the arc length 
on the curved measurement line in lane 1 overtaken by the tangent hypotenuse running line. Hi

（7） stands for the 
length of the tangent hypotenuse running line from C （equals CD）, which is expected to coincide with ArcLi

（7） plus 
100 m. R1_m stands for the radius of the curved measurement line for lane 1 （equals BD）. Ri expresses the radius of 
the curved lane line edge for lane i （equals AC）. Ki

（7） and Li
（7） respectively represent the lengths from B to C and 

from B to E. αi
（7） signifies the angle formed by lines BC and BD. βi

（7） expresses the angle formed by lines BC and 
BE. γi

（7） represents the angle formed by lines BD and the end line of the back straight section. θi
（7） denotes the angle 

formed by line AC and the end line of the first curve section, which equals the angle formed by lines AC and CE. i 
stands for the lane number （i≥1）. This figure shows the case of i＝9, the inner edge of the outside lane line.

Figure 10. Calculation of the coordinates of the intersection between the inner portion of the start line for 1500 m 
and the edge of each lane line.
A is the center of the first curve semicircle. B is the intersection between the start line and the edge of lane line in 
lane i, which can be either on the outer edge of the inside lane line or on the inner edge of the outside lane line. C is 
the tangent point of the running line from B. ArcLi

（6） denotes the arc length on the curved measurement line in lane 1 
overtaken by the tangent hypotenuse running line. Hi

（6） represents the length of the tangent running line from B 
（equals BC）, which is expected to coincide to ArcLi

（6）. R1_m represents the radius of the curved measurement line for 
lane 1 （equals AC）. Ri stands for the radius of the curved lane line edge for lane i （equals AB）. θi

（6） denotes the an-
gle formed by lines AB and AC. γi

（6） expresses the angle formed by line AC and the end line of the first curve sec-
tion. i stands for the lane number （i≥1）. This figure shows the case of i＝2, the inner edge of the outside lane line.
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ence marks. Then their positions on the image coordi-

nates must be determined. By combining the image 

coordinates with the corresponding track coordinates 

calculated above, matrices of the coordinate transfor-

mation homography can be calculated. The track coor-

dinates of the analysis point can be calculated using 

the same methods as those used for the reference 

marks. Then they can be transformed to image coordi-

nates using the inverse matrix of the homography. Fi-

nally, the analysis points can be projected and visual-

ized on the image.

　We demonstrated this analysis-point position identi-

fication using two examples of race analysis. One ex-

ample is to obtain the 100 m split time in an athletics 

800 m race. In this race, the runner starts from the ech-

elon start line and runs in a separate lane within the 

first curve section. The 100 m point is located on this 

first curve, before the break line. No mark designates 

this 100 m point position. To identify this point, the re-

duction distance must be considered, similarly to a 

case of the start line of 800 m. The other example is to 

obtain the 100 m, 200 m, and 300 m split times of the 

first leg in a 4×400 m relay race. The first-leg runner 

starts from the largely separated echelon start line, and 

runs a lap of track along the designated lane. The 100 

m, 200 m, and 300 m points are located respectively 

around the second, third, and fourth corner of the 

track. No mark signifies these positions. To identify 

them, the reduction distance and the difference in the 

running line lap distance between lanes must be con-

sidered.

　On a standard track stadium, the areas around the 

analysis points were photographed from the spectators’ 

stand. With recognizable marks on these images, the 

coordinate transformation homography matrices were 

calculated. The coordinates for the outer start line of 

5000 m with a temporary kerb were used for the ma-

trix calculation with the image around the 200 m point 

of the first leg in a 4×400 m relay race. The image 

coordinates of the analysis points were obtained with 

　　  （57）　　

　　  （58）　　

　　  （59）　　

　　  （60）　　

　　  （61）　　

　　  （62）　　

　  In those equations, Li
（7）, Ki

（7）, αi
（7）, βi

（7）, γi
（7）, and 

ArcLi
（7） represent the lengths and angles defined in 

Figure 11. Also, 100.000 is the distance from the 

end of the back straight section to the start line of 

the 1500 m. The second is the following.

　　  （63）　　

　  These equations are expected to be equal. Solving 

them collectively yields determination of θi
（7）. An 

exploratory approach might be practical for solv-

ing it. Once θi
（7） is obtained, the coordinates can 

be found as presented below.

　　  （64）　　

　　  （65）　　

　To ascertain the usability of the coordinate calcula-

tion method above, tracks of two typical layouts, i.e., 

those with straight length of 84.39 m （i.e., WA stan-

dard track, used in most recent international competi-

tions） and 80.00 m （commonly used for most tracks 

in Japan）, were selected to calculate their mark coor-

dinates. Solver （an add-in program for Microsoft Ex-

cel, Microsoft Office Professional 2016, Microsoft 

Corp., USA） was used to obtain exploratory solutions 

of the coordinates related to the break line and the 

1500 m start line.

3． Identification of the analysis-point positions and 

examination of its accuracy

　Once the track mark coordinates are obtained, the 

positions of the analysis points can be identified. In the 

image captured in the vicinity of the analysis point, 

some recognizable marks must be identified as refer-
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around the analysis points, with the reference track 

mark positions and identified analysis points highlight-

ed.

3．Accuracy of analysis-point position identification

　The accuracy evaluated using the LOOCV method 

is presented in Table 4. In all analyzed images, the er-

ror distance between the identified and the true posi-

tions was approximately 0.040 m, on average.

Ⅳ．Discussion
　This study assessed a method for calculating the co-

ordinates of marks on athletics tracks comprehensively 

and demonstrated coordinate calculations for typical 

tracks. Because these calculations necessitate consid-

erably intensive effort, our demonstration results are 

expected to be valuable for future analyses associated 

with these typical tracks. One such track, WA standard 

track, is used for most international competitions, in-

cluding world athletics championships. The other, the 

80-m straight track, is commonly found on the majori-

ty of Japanese tracks. Consequently, our coordinate 

calculation results could be utilized to analyze most 

international and Japanese domestic competitions. Fur-

thermore, this study provided two practical use exam-

ples of the current coordinate calculation results for 

race analysis. While no mark exists for the analysis 

points, the current method accommodated identifica-

tion of their positions, and would enable us to perform 

detailed race analyses.

　When using the methods applied for this study, the 

track layout must be known first. The most important 

element of the track layout is the length of the straight 

（SLC）. In addition to direct measurement, another 

means of ascertaining SLC is to check the position of 

the inner edge of the 100 m or 110 m hurdle start line 

on the second curve. If the SLC is 84.39 m （i.e., WA 

standard track）, then the edge of the 100 m start line 

should be located within lane 3, slightly outside the 

centerline of the lane. The edge of 110 m hurdle start 

the inverse matrices. Thereafter, the analysis-point po-

sitions were identified by projecting their image coor-

dinates onto the photographed images. Both inside and 

outside positions were determined, allowing each anal-

ysis point to be represented as a line connecting these 

positions. A custom-made Python program using a 

computer vision library （OpenCV-python 4.7.0.72） 

was used for these processes, i.e., identifying reference 

marks, obtaining their image coordinates, performing 

matrix calculations, and conducting analysis-point 

projections.

　To ascertain the reliability of this analysis-point 

identification method, the accuracy of the identified 

position was evaluated. Because it is difficult to ascer-

tain the true position of the analysis points on the 

track, the reference track marks were used as the sub-

ject for examination instead. Applying the concept of 

leave-one-out cross-validation （LOOCV） to this ex-

amination, each mark was used as a single test point, 

whereas the remaining marks were used as references 

for calculating the homography matrix for identifying 

the position of the test point. The identification error 

was evaluated with the Euclidean distance of the track 

coordinates between the identified position and its true 

position, as determined from the photographed image. 

For each photographed image, the average and stan-

dard deviation of the distance were calculated for all 

the track mark points.

Ⅲ．Results
1．Mark coordinates for typical tracks

　Tables 2 and 3 present the results of coordinate cal-

culation conducted for two typical tracks. Illustrations 

of the tracks rendered according to the results are also 

portrayed in Figures 12 and 13.

2．Identified analysis points for example race analyses

　The track coordinates of the analysis points for 800 

m and 4×400 m relay races are also presented in Ta-

bles 2 and 3. Figure 14 exhibits images of the area 
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Figure 14. Images of the points for example race analysis.
A, the 100 m point in 800 m race in each lane. B─D respectively represent the 100 m, 200 m, and 300 m points of 
the first leg of 4×400 m relay in the lanes. Yellow marks represent the position of reference marks. Red lines repre-
sent the analysis points, connecting the analysis points identified on the edges of both inside and outside lane lines.
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the number of reference marks in the image. However, 

zooming out would decrease the relative resolution 

around reference marks. It might also make a reference 

mark on the image unrecognizable. Actually, regarding 

the practical race analysis example addressed in this 

study, the 400 m hurdle mark positions were not recog-

nizable on the images near the 100 m and 200 m points 

of the first leg in 4×400 m relay because of the wide 

angle of view （Figure 14B and 14C）. Various factors 

such as image resolution, time resolution, and field 

range of view must be balanced and set appropriately.

　The examination presented in this study revealed 

that the methods applied for the two race analysis ex-

amples can identify the position of analysis point with 

a high degree of accuracy. The average error of 0.040 

m in point position identification implies that the error 

in time measurement using this identified point would 

ideally be less than 0.01 s for an athlete running at 4 

m/s or greater velocity. Most athletes of any gender or 

age category would meet this running velocity. There-

fore, the accuracy of point position identification is 

deemed sufficient for the purpose of conducting race 

analysis. In practice, besides point position identifica-

tion, other factors can also introduce errors in time 

measurement, such as the camera angle at which the 

photograph is taken relative to the running direction at 

the analysis point. As illustrated in the images of race 

analysis examples （Figure 14）, a significant propor-

tion of the analysis-point lines were projected oblique-

ly, rather than vertically onto the image. This suggests 

that the camera was not positioned perpendicular to 

line should be located within lane 7 （Figure 12）. If 

SLC is 80 m, then the edge of the 100 m start line 

should be located very close to the inside lane line of 

lane 5. The edge of 110 m hurdle start line is expected 

to be located within lane 9 （Figure 13）. Other ele-

ments of the track layout include, for example, the lane 

width and the presence of the kerb. Regarding tracks 

constructed in recent years, these elements have been 

standardized （1.22 m of the lane width with the kerb）, 

meaning that these factors are less critically important.

　Accurate analysis-point identification requires that 

one obtain a precise matrix of coordinate transforma-

tion homography. To achieve this objective, it is neces-

sary to ensure that a sufficient number of reference 

marks are recognizable in a photographed or filmed 

image. A minimum of four reference marks is required, 

although a greater number would yield more precise 

results. Ideally, the reference marks should surround 

the analysis point. Otherwise, the position of the anal-

ysis point would be extrapolated from the reference 

marks, which might reduce the accuracy of the analy-

sis-point coordinates. The image resolution is also im-

portant because sufficient resolution is necessary for 

precise identification of the reference marks on the im-

age. High-resolution images such as 4K are preferred, 

although the image resolution generally entails a 

tradeoff with the filming frame rate. Some areas of a 

track have sparse mark coverage. For example, in the 

middle of the back straight and the middle of the sec-

ond curve, there are only 400 m hurdle marks at 35 m 

intervals. One might consider zooming out to increase 

Table 4. Accuracy of analysis-point position identification.



22

Matsubayashi and Ohnuma
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 8） Muehlbauer T, Schindler C, Panzer S. Pacing and 

performance in competitive middle-distance speed 

skating. Res Q Exerc Sport, 81（1）: 1─6, 2010.
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1107─1115, 2012.
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https://worldathletics.org/about-iaaf/documents/

technical-information （July 1, 2024）

the running direction at these points. It is imperative 

that time measurement accounts for this camera angle. 

Projecting the analysis point as a line facilitates the 

understanding of the camera angle and ensures the ac-

curacy of the time measurement.

　This study presented two track mark coordinate cal-

culation practices and two examples of analysis-point 

position identification. In both example races, i.e., 800 

m or 4×400 m relay, a pacing strategy would be one 

key performance factor. By determining the position of 

the analysis points using the method of this study, one 

can obtain the split times at these points. One can then 

check and evaluate their pacing strategies. In addition, 

the method might be applied to analyses of other 

kinds, for example, to ascertain the ground contact po-

sition for each step of a runner and to measure the 

stride length per step.

Ⅴ．Summary
　In this study, we specifically examined a compre-

hensive method for calculating the coordinates of ath-

letics track marks. Calculation of the mark coordinates 

for two typical track layouts was also presented. Fur-

thermore, two examples of analysis-point position 

identification were demonstrated based on the calcu-

lated mark coordinates. The identification was con-

firmed to be sufficiently accurate for race analysis pur-

pose. The methods and the demonstration data 

presented herein are expected to facilitate future race 

analyses and to contribute to the advancement of 

sports science.
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